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@ Telephone line interface circuit.

@) In a telephone line interface circuit, a first tran- Fr¢.58
sistor (Q1) is arranged in series in the signal line (3)
and a second transistor (Q2) is arranged in parallel
across the telephone line (3, 4), both transistors j-‘f 6

R1

AA

being controlled from a control circuit (5), so that, ©_f WL
when the voltage across the telephone line falls
below that required to keep the first transistor (Q1 ) o4
in normal conduction, the second fransistor (Q2) 2
maintains the signal path. In order to reduce cross- rl
over distortion, a negative feedback loop (Q5, R1, ° %
Q3, Q1) and supply voltage sensing means (6) con-

trols the first transistor (Q1) so that it conducts only

sufficient quiescent current to power the circuit, any

remaining current being conducted by the second

transistor (Q2), thereby maintaining both transistors

in conduction down to low quiescent line current

levels.
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FIELD OF THE INVENTION

This invention relates to telephone line inter-
face circuits.

BACKGROUND OF THE INVENTION

Telephone equipment connected to a tele-
phone line must often be powered from the tele-
phone line itself. An interface circuit is then re-
quired to absorb the necessary energy while at the
same time presenting the d.c. and a.c. characteris-
tics of the equipment.

In one known arrangement, a transistor, con-
trolled by a feedback loop, is provided in series
with the telephone line. The problem with this ar-
rangement is that, at times, the telephone line
voltage may fall below that required to power the
circuit. The a.c. and d.c. characteristics can then no
longer be maintained. This problem has been
solved in the Motorola TCA3386 and TCA3388
circuits by adding a further transistor arranged tfo
become conducting in these circumstances. How-
ever, some performance is lost due to crossover
distortion occurring as the line current swiiches
betwen the two transistors.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of the present invention
to provide a telephone line interface circuit which
overcomes, or at least reduces, the above prob-
lems.

Accordingly, the invention provides a telephone
line interface circuit for transmitting signals to and
receiving signals from a telephone line, the inter-
face circuit comprising first conduction means in-
cluding first and second terminals in series be-
tween the telephone line and storage and voltage
regulator means and a control terminal, second
conduction means including first and second termi-
nals coupled in parallel across the telephone line
and a control terminal, control means coupled to
the control terminals of the first and second con-
duction means for presenting predetermined a.c.
and d.c. characteristics to the telephone line by
modulation of the current in the first and second
conduction means, and a negative feedback loop
responsive to signals from the storage and voltage
regulator means for controlling the first conduction
means so that the first conduction means conducts
only sufficient quiescent current to power the cir-
cuit , any remaining current being conducted by
the second conduction means.

In a preferred embodiment, the control means
provides a common control signal to the control
terminals of the first and second conduction
means. Preferably, the negative feedback loop op-
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erates by establishing an offset voltage between
the common control signal and the control terminal
of said first conduction means.

In one embodiment, the first conduction means
is able to conduct in both directions. In this case, a
non-linear auxiliary feedback loop responsive to
current flow through the first conduction means is
preferably provided so as to modify said offset
voltage to limit the current in one direction through
the first conduction means, while having substan-
tially no effect on current flow in the other direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Two embodiments of the invention will now be
more fully described, by way of example, with
reference to the drawings, of which:

Fig. 1 shows a schematic diagram of one exam-
ple of a known arrangement;

Fig. 2 shows a schematic diagram of a second
example of a known arrangement;

Fig. 3 shows a schematic diagram of a first
embodiment according to the present invention;
and

Fig. 4 shows a schematic diagram of a second
embodiment according to the present invention.

DETAILED DESCRIPTION

Thus, as shown in Fig. 1, a known interface
circuit includes a standard diode bridge arrange-
ment 1 having first and second input terminals
coupled to the two lines forming the telephone line
2, and positive and negative output terminals coup-
led to a so-called speech circuit via lines 3 and 4.
The speech circuit includes a pnp fransistor Q1
having its emitter electrode coupled to the positive
output terminal of the diode bridge via line 3 and
its collector electrode coupled to the negative out-
put terminal of the diode bridge via shunt regulat-
ing mans (not shown) and parallel reservoir capaci-
tor C1, which provide a power supply for the rest of
the circuit. The conduction of transistor Q1 is con-
trolled by a feedback control circuit 5 having inputs
responsive to the voltage V and current | on the
telephone line 2, such that the a.c. and d.c. char-
acteristics presented to the telephone line 2 are
dictated by regulation of the emitter current of
transistor Q1 while the d.c. component of the cur-
rent is used to power the circuit.

However, at times, the oufput voltage from the
diode bridge 1 may be required, due to the modu-
lation of the signal on signal line 3, to fall below the
level required to power the circuit and established
on reservoir capacitor C1. The required a.c. and
d.c. specifications can then no longer be respect-
ed. This problem has been resolved, for example in
Motorola Circuits Nos TCA3386 and TCA3388, by
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adding a second transistor Q2 coupled across lines
3 and 4 and also controlled by control circuit 5.
This is shown in Fig. 2. This solution does not
provide a very good performance in all circum-
stances, however, because of crossover distortion
ocurring as the line current commutes between the
two transistors Q1 and Q2.

As shown in Fig. 3, in which the same ele-
ments as in Figs. 1 and 2 have the same reference
numerals, according to one embodiment of the
invention, fransistors Q1 and Q2 are controlled so
that both are in conduction under quiescent con-
ditions so that the drive voltage variations required
to commute the current between them are minimis-
ed. Thus, the bases of transistors Q1 and Q2 are
coupled to be driven by respective transistors Q3
and Q4 from a common output from the control
circuit 5. A resistor R1 is coupled betwen the base
of transistor Q3 and the output of control circuit 5
with a transistor Q5 coupled between the base of
transistor Q3 and reference line 4 so that the drive
to transistor Q3 is offset by a voltage developed
across resistor R1 by the current drawn by transis-
tor Q5. The base of transistor Q5 is coupled to a
power supply regulator 6 of the circuit, which con-
trols the current drawn by transistor Q5 such that
the current will increase when the supply voltage
increases.

The voltage drop across resistor R1 is:

Vri = (Voedaz * (Voe)as = (Vie)as

where

(Vpe)az is the base emitter voltage of fransistor
Q2;

(Vhe)as is the base emitter voltage of fransistor
Q3; and

(Vbe)aa is the base emitter voltage of fransistor
Q4.

The circuit is designed so that, under quiescent
conditions, when the supply voltage is at a desired
value, the current in transistor Q5 controls (Vpe)as
so that transistot Q3 provides only the base current
needed by transistor Q1 to supply the circuit and
thus maintain the supply voltage. The surplus line
current is absorbed by transistor Q2.

Transistor Q4 is biased by a resistor R2 coup-
led between the base and emitter of transistor Q2,
so that it operates at near constant current. A.c.
signals on the telephone line thus modulate equally
the currents in transistors Q2 and Q3 due to the
exponential characteristic of bipolar transistors.
Provided that transistor Q1 remains out of satura-
tion at all times, the operating conditions are there-
fore that fransistor Q1 is biased at the supply
current required, transistor Q2 absorbs the remain-
ing line current and the telephone line signal cur-
rent is divided between these fransistors in the
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ratio of the bias currents. Transistor Q2 will, ac-
cordingly, always be in conduction provided that
the quiescent line current exceeds the current
needed to power the circuit.

For large signals, the voltage at the diode
bridge 1 output may fall below the supply voltage
required, so that transistor Q1 can no longer op-
erate normally. The overall feedback loops (not
shown) will then automatically increase the drive
level so that transistor Q2 absorbs the current
which transistor Q1 no longer conducts. Provided
that the quiescent line current sufficed to power the
circuit, transistor Q2 was already in conduction.
The cross-over distortion will thus be low.

If transistor Q1 has a low inverse 8, the current
through transistor Q3, which corresponds to the
base current in transistor Q1, will increase propor-
tionally to the current through transistor Q2 and
simply draw a small current from the reservoir
capacitor C1. Thus no further elements are neces-
sary.

However, if transistor Q1 has a high inverse 8,
then the current drawn from the reservoir capacitor
C1 may become excessive. To prevent this, an
auxiliary feedback loop can be added, as shown in
Fig. 4.

Here, a small resistor R3 is provided between
the collector of transistor Q1 and the reservoir
capacitor C1. A pnp current mirror 7 formed by
transistors Q6 and Q7 is coupled across the resis-
tor R3 to receive the voltage developed across the
resistor R3 as a differential emitter voltage. A resis-
tor R4 biases the current mirror 7. The current
mirror 7 supplies a current to an npn current mirror
8 formed by fransistors Q8 and Q9 and to a by-
pass resistor R5 coupled from the bases of transis-
tors Q8 and Q9 to the reference line 4. The current
mirror 8 is arranged so that the collector current of
transistor Q9 is drawn through resistor R1, across
which the offset voltage between fransistors Q4
and Q5 is developed.

Thus, when transistor Q1 is conducting in the
normal mode, fransistor Q6 is biased to a lower
current than transistor Q7 and the circuit is ar-
ranged so that the collector current of transistor Q6
is insufficient to develop a voltage across resistor
R5 sufficient to bring transistor Q9 into conduction.
Thus, the loop is inactive in normal mode.

However, when transistor Q1 conducts in in-
verse mode, the current through transistor Q6 is
increased and the circuit is arranged so that tran-
sistor Q9 becomes conducting and so limits the
drive to transistor Q3 and thus to transistor Q1 to a
low level.

It will be appreciated that, although two em-
bodiments of the invention have been described in
detail, various modifications and improvements can
be made by a person skilled in the art without
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departing from the scope of the present invention.

Claims

1.

A telephone line interface circuit for transmit-
ting signals to and receiving signals from a
telephone line (3, 4), the interface circuit com-
prising first conduction means (Q1) including
first and second terminals in series between
the telephone line (3) and storage/voltage reg-
ulator means (6, C1) and a control terminal,
second conduction means (Q2) including first
and second terminals coupled in parallel
across the telephone line (3, 4) and a control
terminal, control means (Q3, Q4, 5) coupled to
the control terminals of the first and second
conduction means (Q1, Q2) for presenting pre-
determined a.c. and d.c. characteristics to the
telephone line (3, 4) by modulation of the cur-
rent in the first and second conduction means
(Q1, Q2), and a negative feedback loop (Q5)
responsive to signals from the storage/voltage
regulator means (6, C1) for controlling the first
conduction means (Q1) so that the first con-
duction means (Q1) conducts only sufficient
quiescent current to power the circuit, any
remaining current being conducted by the sec-
ond conduction means (Q2).

A telephone line interface circuit according to
claim 1, wherein the control means (Q3, Q4, 5)
provides a common control signal to the con-
trol terminals of the first and second conduc-
tion means (Q1, Q2).

A telephone line interface circuit according to
claim 2, wherein the negative feedback loop
(Q5) operates by establishing an offset voltage
between the common control signal and the
control terminal of said first conduction means
(Q1).

A telephone line interface circuit according to
either claim 1 or claim 2, wherein the first
conduction means (Q1) is able to conduct in
both directions.

A telephone line interface circuit according to
claim 3, wherein the first conduction means
(Q1) is able to conduct in both directions.

A telephone line interface circuit according to
claim 5, further comprising a non-linear auxil-
iary feedback loop (R3, 7,8) responsive to cur-
rent flow through the first conduction means
(Q1) so as to modify said offset voltage to limit
the current in one direction through the first
conduction means (Q1), while having substan-

10

15

20

25

30

35

40

45

50

55

tially no effect on current flow in the other
direction.

A telephone line interface circuit according to
any preceding claim, wherein the first conduc-
tion means (Q1) comprises a transistor having
its emitter and collector electrodes coupled in
series between the telephone line and the stor-
age/voltage regulator means (6, C1).

A telephone line interface circuit according to
any preceding claim, wherein the second con-
duction means (Q2) comprises a transistor
having its emitter and collector electrodes
coupled in parallel across the telephone line.

A telephone line interface circuit according to
any preceding claim, wherein the stor-
age/voltage regulator means (6, C1) comprises
a voltage regulator (6) and a reservoir capaci-
tor (C1) coupled in parallel across the tele-
phone line.
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